Introduction
One of the main therapeutic objectives of COPD is to achieve good disease control with few symptoms and low risk of exacerbations. [1] [2] [3] However, in contrast with what occurs with asthma, 3 the concept of control in COPD is not well characterized. A recent proposal defined control in COPD as "long term maintenance of a situation of low clinical impact adapted to the severity of the disease". 5 This definition includes the combination of two evaluative dimensions: one which is cross-sectional -clinical impact -or the repercussion the disease has on the patient, which should always be as little as possible, and the other is longitudinal -stability -understood as the absence of exacerbations or clinical worsening over time. 6 The situation of control is approached as something that is desirable and potentially achievable for most COPD patients and can be potentially useful for dynamic adjustment of the treatment. Theoretically, controlled patients should present fewer symptoms, have a better health-related quality of life (HRQoL), and a lower risk of future complications (fewer exacerbations, less disease progression, lower mortality) than noncontrolled patients.
In the initial proposal, some criteria were described to define control (original control criteria [OCC] ). 5, 6 These OCC emerged from clinical experience and review of the literature, but they need to be refined and validated. Nibber et al 7 recently evaluated this concept in a retrospective study using the registry of the Optimum Patient Care Research Database in the United Kingdom. According to the recommended clinical characteristics of the OCC, the proportion of controlled mild-moderate COPD patients was of only 4.5% while this proportion was 21% based on clinical questionnaires such as the COPD assessment test (CAT). According to clinical evaluation, no severe patients were controlled, with only 8.3% being identified if the control was defined using the CAT. 7 Despite this low proportion of controlled patients, the time until the first exacerbation was longer. More recently, Miravitlles et al 8 reported 32% of controlled patients in a cross-sectional, multicenter study. All of these results suggest that the concept of clinical control may be useful in COPD but the OCC proposed are likely too restrictive and should therefore be modified. In addition, a prospective, longitudinal validation of the predictive capacity of the risk of poor outcomes is needed.
The objectives of the present study were as follows: 1) to evaluate the OCC, and if deemed necessary, develop modified control criteria (MCC) evaluating the adequacy of the variables included in the original proposal, the different thresholds, the number of criteria needed, and the need for adjustment according to severity, and 2) validate the concept of control as a predictor of risk of poor outcomes.
Methodology study design
This was a prospective, observational study with a 1-year follow-up in a cohort of patients diagnosed with COPD.
All the cases were evaluated in the pneumology outpatient clinic on the initial visit (V0), at 3 months (V1), and at 1 year of follow-up (Vend). The study was conducted in accordance with the Declaration of Helsinki and it was approved by the Committee of Ethics and Clinical Investigation of the Hospital Arnau de Vilanova in Valencia, Spain. All patients provided written informed consent.
Patients
The study included patients $40 years of age diagnosed with COPD defined by the presence of a history of smoking .10 pack-years, the FEV 1 , FVC after bronchodilation ,0.7, and the presence of persistent respiratory symptoms. The exclusion criteria were as follows: active neoplastic disease, inability to carry out follow-up, patients participating in clinical trials, and all patients presenting an exacerbation within the previous 2 weeks. The recruitment was consecutive and all patients attending the outpatient clinic and fulfilling inclusion criteria were invited to participate.
adequacy of the original control criteria
To evaluate the adequacy of the components of the concept of control, the thresholds, the number of criteria necessary, and the need for adjustment according to severity, clinical impact, and stability according to the OCC proposed by Soler-Cataluña et al 6 (Table 1) were registered on each of the three visits and evaluated by two methods based on clinical variables or the use of questionnaires.
To evaluate the clinical impact with clinical variables, we recorded the degree of dyspnea using the modified scale of the Medical Research Council (mMRC), 9 the use of rescue medication in the last week, sputum color, and the grade of self-reported physical activity. The rescue medication was categorically reported as: 1) used less than three times 
3721
Validation of clinical control in COPD a week; 2) greater than or equal to three times a week but less than twice a day; and 3) greater than or equal to twice a day. Physical activity was recorded in relation to walking: 1) $60 minutes a day; 2) between 30 and 60 minutes a day; and 3) ,30 minutes a day. 10 Sputum color was described as "dark", if it showed any color (green, yellowish, brownish, etc.) or "clear", if whitish in color or absent. Stability was defined as the absence of exacerbations in the last 3 months and the absence of clinical worsening since the last medical visit.
The evaluation of impact was also recorded using the CAT in all the visits. The CAT score ranges from 0 to 40 points, with the higher the score the worse is the health of the patient. 11 Stability was defined as the absence of exacerbations in the last 3 months and the absence of clinical worsening since the previous medical visit. Clinical worsening was considered when the patient referred feeling worse since last visit, and the absence of worsening was considered when the patient reported feeling better or the same. In the evaluation using clinical questionnaires, stability was considered when a change in the CAT from V0 and V1 was #2 points. 12 Clinical control was established when the patient presented low impact and clinical stability at the 3-month visit (V1). Initially, control was evaluated according to the OCC for both clinical variables and CAT. In addition, other cutoffs were studied in an attempt to refine the tool, defining MCC. The initial definition of control had different thresholds for the clinical variables according to the severity of the patient, the BODE index (body mass index, obstruction, dyspnea, exercise), 13 or the BODEx index (body mass index, obstruction, dyspnea, exacerbations).
14 For the purpose of simplicity, in the current analysis, severity was evaluated based on the BODEx index or the post-bronchodilator FEV 1 (%). Spirometry was accepted provided that it had been performed within the last 6 months according to international criteria. 15 
Validation of control: predictive capacity
To validate clinical control we evaluated the capacity of both the OCC and the MCC to predict clinical outcomes. The principal variable analyzed was the time until the first composite event defined by the first appearance of any of the following outcomes: visit to the emergency department for an exacerbation, hospitalization, or death. The secondary variables evaluated included the time until the first exacerbation of any type (including outpatient exacerbations), the time until hospitalization, the CAT score at 1-year visit, and survival. An exacerbation of COPD was defined as any worsening in respiratory symptomatology requiring the use of antibiotics, systemic corticosteroids, visit to the emergency department, or hospitalization.
statistical analysis
Quantitative variables are expressed as mean±SD and qualitative values are expressed as proportions. Analysis of variance was performed to compare the means between groups, and proportions were compared using the chi-squared test with Bonferroni correction. To evaluate the need for adjustment according to severity for the different variables in the evaluation of clinical impact, an ordinal Pearson correlation was performed for quantitative variables and a Spearman correlation was carried out for the qualitative variables. The mean and 95% CI were calculated for the different CAT values according to different levels of severity. The median was calculated for qualitative variables. The impact threshold for CAT selected was the upper limit of normality of the 95% CI. Based on these thresholds, a receiver operating characteristic (ROC) curve was calculated to identify the potential dichotomic cutoff for the level of severity. The median was used to identify the thresholds for the qualitative variables. All these analyses were performed using the data obtained in the first visit (V0). Stability at 3 months of follow-up (V1) was analyzed using the presence or absence of exacerbations, significant changes in CAT during this period and the subjective opinion of the patients as to feeling worse (criterion of instability) or better or the same (criterion of stability). Finally, the proportion of patients controlled at 3 months according to the OCC and the MCC was calculated for both the clinical evaluation and CAT. Concordance between the clinical evaluation and the evaluation by CAT was evaluated using the Kappa concordance index (K).
To compare the risk of combined events, exacerbations, hospitalizations, or mortality, Cox survival analysis was performed, and the corresponding hazard ratio (HR) was calculated. 16 The Kaplan-Meier method was used to obtain the survival curves, and the c-statistic (C) was calculated to compare the predictive capacity of risk between the OCC and the MCC. The difference in the probability of being free of the combined event between the controlled and noncontrolled patients was estimated to be at least less of 10% with a type I error of 5% (α=0.05), with a unilateral estimation and minimum power required of 80% (β=0.20). The expected proportion of losses was deemed to be 12%. With this assumption, the calculated sample size was 262 patients. Results were considered statistically significant with a P,0.05. All the analyses were performed with the SPPS version 20.0 statistical package (IBM Analytics, Aerkomm, NY, USA). 
Results
Two hundred ninety patients were evaluated, of which 27 were excluded (3 patients did not sign the informed consent, 4 were already enrolled in a clinical trial, 17 had a recent exacerbation, and 3 had an active neoplasm). Finally, a total of 265 patients were included, 222 (83.9%) being men with a mean age of 68±9 years, with a post-bronchodilator FEV 1 (%) of 58%±17%. Table 2 shows the general characteristics of the patients according to the four quartiles of the BODEx index.
adequacy of the OCC
Pertinence of the variables included in the model
To evaluate the pertinence of the variables proposed in the OCC, we analyzed the differences in the CAT scores and the risk of exacerbation for each category of these variables (Table 3 ) and we studied collinearity among them. On determining that all the variables defining clinical impact and stability were related to the CAT scores and/or the risk of future exacerbations, these variables were included in the process of refinement and validation.
There was only a moderate correlation between dyspnea and physical activity (r=0.52). No relevant collinearity was presented among the remaining variables of the model.
adequacy of the OCC 2. need for adjustment for severity
To establish whether the cutoffs of clinical impact of each variable should be adjusted for severity, we calculated the coefficient of correlation between each variable included in the definition of control and severity evaluated with the BODEx index or FEV 1 (%). This correlation was significantly 
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Validation of clinical control in COPD strong for dyspnea, moderate for CAT, and significant, albeit weak, for rescue medication and physical activity. To the contrary, there was no significant association with sputum color or the number of exacerbations (Table S1 ).
With the aim of identifying the best cutoff of the BODEx and FEV 1 (%) for adjustment for severity, an ROC curve was calculated for both the qualitative variables of impact and the CAT. In regard to CAT, Figure 1 shows the values obtained for each of the quartiles of the BODEx index and FEV 1 (%). The best cutoff for adjustment for severity in the CAT was a BODEx of 2 points with a sensitivity and specificity of 56% and 77%, respectively. The cutoff of 4 proposed in the OCC had only a sensitivity of 22% and a specificity of 95%. The same operation was done for the level of dyspnea, again finding that the best threshold to adjust for severity was to divide between quartile 1 of BODEx (#2 points) or subtract (BODEx: $3). In the case of the FEV 1 %, the best cutoff was 50%, with a sensitivity of 53% and a specificity of 27%.
Thresholds of the variables of clinical impact
After the selection of the cutoff of severity for BODEx and FEV 1 (%), we investigated the best thresholds for each variable of the different levels of severity. The best cutoff for dyspnea in mild patients (BODEx #2 or FEV 1 (%) $50%) was dyspnea #1, being #2 in severe patients, identical to what was proposed with the OCC. In the case of the rescue medication and physical activity, the threshold was similar in mild and severe patients. Adjustment for severity was not made for either sputum color or the number of exacerbations in the last 3 months due to a scarce correlation with the level of severity (explained in the previous section).
To evaluate the best cutoff for CAT, an ROC curve was made considering the clinical evaluations of the MCC adjusted for BODEx (MCC-B) and FEV 1 (%) (MCC-F) as the reference control criteria (explained in the "Creation of modified control criteria" section). Table S2 shows the sensitivity, specificity, and Youden index (Y) for each cutoff. The mean CAT for the group with a BODEx #2 was 9.8 (95% CI: 8.8-10.8), and the best cutoff was 10 points. For patients with a BODEx $3, the CAT was 15.6 (95% CI: 14.0-17.2) and the best cutoff was 16 points. For the FEV 1 $50%, the CAT was 10.8 (95% CI: 9.7-11.9) and 13.9 (95% CI: 12.3-15.5) for the cases with FEV 1 #49%, choosing 10 and 16 points, respectively, as the cutoffs.
Number of criteria necessary to define clinical impact
In order to identify the number of criteria necessary to define the clinical impact, we evaluated the grade of concordance between the definition of impact using the CAT and the number of clinical criteria fulfilled by each patient. The best overall concordance was obtained when three of the four criteria were fulfilled (Table S3 ). The best predictive capacity of a combined event was also obtained when at least three of the four criteria of impact were met (C=0.639, for adjustment for BODEx and C=0.637 on adjustment for FEV 1 [%]; Table S4 ).
Creation of modified control criteria
We elaborated the MCC according to the need to adjust for severity and the thresholds identified in the previous sections (Table 4) . Table 5 shows the proportion of patients controlled, and the clinical impact and stability according to the OCC, the MCC-B, and the MCC-F. The MCC provides notably higher values of controlled patients compared with the OCC, with no large differences between the MCC-B or MCC-F.
The index of overall concordance between the clinical evaluation and the CAT was 0.31 for the OCC, 0.37 for the MCC-B, and 0.42 for the MCC-F. Concordance of the clinical evaluation between MCC-B and MCC-F was 0.94, being 0.80 for the CAT.
Control status and predictive capacity of risk
The time to the first combined event in controlled patients was significantly longer compared with noncontrolled patients with any of the criteria used. Based on the clinical evaluation, the accumulated probability of having a combined event at 12 months in controlled compared with noncontrolled patients was 11% vs 22% for the OCC (P=0.013), 14% vs 28% for the MCC-B (P,0.001), and 13% vs 27% for the MCC-F (P,0.001; Figure 2A ). In the case of the CAT, the accumulated probability was 15% vs 22% for the OCC (P=0.029), 15% vs 25% for the MCC-B (P=0.007), and 15% vs 24% for the MCC-F (P=0.009; Figure 2B ). Table 6 summarizes the HRs of all these diagnostic criteria.
The best predictive capacity of risk was obtained with the clinical evaluation with MCC-B (C=0.639) and MCC-F (C=0.637), both of which were greater than the clinical assessment with the OCC (C=0.589) and the CAT scores (C=0.572, 0.592, and 0.581 for the OCC, MCC-B, and MCC-F, respectively). 
CAT score and BODEx index
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Controlled patients also showed a significantly longer time until the first exacerbation compared with noncontrolled patients, with any of the three clinical evaluations analyzed. The predictive capacity of risk of exacerbation of the evaluation of control using the MCC-B and MCC-F with clinical variables was practically identical between the two types of criteria (C=0.614 and 0.613, respectively) and was greater than that of the OCC (C=0.571).
The evaluation of control with the CAT also showed a longer time until the first exacerbation in the MCC-B and MCC-F evaluations (P=0.013 and P=0.017, respectively). However, we found no significant differences for the OCC.
The C values were 0.549, 0.573, and 0.561 for OCC, MCC-B, and MCC-F, respectively, being lower than all the variables in the clinical evaluation by MCC-B and MCC-F. Figure S1 shows the time to exacerbation for the MCC-F.
Controlled patients presented a longer time until hospitalization only for the MCC-B and MCC-F (P=0.015 and P=0.030, respectively). There were no significant differences in the clinical evaluation by OCC (P=0.223). In the evaluation with CAT, there were no significant differences for any criterion. The survival of controlled patients did not significantly differ with any of the three criteria evaluated, although the number of deaths was greatly reduced. Finally, the CAT at 12 months was significantly inferior (better) with all the criteria used in controlled patients (Table S5 ).
Discussion
The results of this study indicate that the concept of control in COPD is useful and achievable in most patients. The findings confirm that the OCC are too restrictive, while in contrast, the new proposal of MCC seems to be more adequate and correlates very well with different clinical outcomes.
The application of the new MCC notably increased the proportion of controlled patients to up to 60% in both mild and severe patients. In addition, controlled patients showed a lower risk of complications with a longer time to the first combined event, the first exacerbation and hospitalization, and a better HRQoL at 1 year of follow-up. Independent of the type of adjustment for severity made, the predictive capacity of risk of the MCC was notably greater than that of the OCC, with clinical evaluation always being a better predictor of risk than the CAT evaluation. 
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Validation of clinical control in COPD Niebber et al 7 were the first to evaluate the OCC proposed by Soler-Cataluña et al 5, 6 in a population of COPD patients in the United Kingdom. The proportion of controlled patients was only 4.5% with the clinical approach and 21% with the CAT evaluation. More recently, Miravitlles et al 8 also evaluated the same concept in an international, multicenter study, obtaining overall values of control of 32% for clinical evaluation and 37% for CAT. The present study showed similar results, with a proportion of controlled patients of only 27.5% using the clinical evaluation of the OCC (29.5% for mild patients and 10.7% for severe patients) and of 50% with the CAT evaluation. All these studies indicate that the original proposal of control was probably too restrictive and should be refined.
The present study prospectively assessed the pertinence of the diagnostic criteria and the predictive value of the concept of control in COPD. First, each of the components of the original proposal was evaluated, and the potential threshold for each variable and the number of criteria necessary as well as the need for adjustment based on severity were identified. From this analysis we developed the MCC, which are simpler and more homogeneous. The main difference compared with the OCC was found in the need for adjustment according to severity. The OCC adjustment for severity was made using the BODE or BODEx index for all the components, with the exception of sputum color, with a cutoff of 4. The MCC required adjustment only for the level of dyspnea or the CAT, and the cutoff was reduced to 2 for the BODEx index, thereby simplifying the proposal.
It is of interest that our study evaluated severity according to both the BODEx (MCC-B) index and the FEV 1 (%) (MCC-F). The predictive capacity of the MCC-B and MCC-F models was very similar between the two and was much greater than the OCC, and therefore, the stratification of mild/severe patients may potentially be made with both approaches. One of the previous criticisms regarding adjustment for severity lay in the fact that BODEx is a multidimensional index that already includes dyspnea and exacerbations, which are variables used to evaluate control. From this perspective we believe that the MCC-F provides more complementary information and will likely be more frequently used in clinical practice because the use of FEV 1 (%) is more generalized as a criterion of severity. In a recent clinical audit in Spain, only 6.2% of medical professionals used the BODEx for the classification of severity in COPD while 81.3% used the FEV 1 (%). 17 With the use of the MCC, clinical control was achieved in approximately 60% of the patients, with similar values for both the clinical evaluation and the CAT questionnaire. However, the concordance between the two was moderate (K 0.37 for MCC-B and 0.42 for MCC-F), leading to doubts as to which of the two approaches should be used. In patients with asthma, the concordance between the clinical evaluation made by medical professionals and the Asthma Control Test is not elevated (K=0.42). 18 Despite this, the Global Initiative for Asthma does not prioritize either of the two evaluations. 4 On evaluating the predictive capacity of clinical evaluation in our study, it was always found to be better than the CAT (C=0.64 vs C=0.58), and it therefore seems recommendable to use this evaluation as the first option and the CAT as an alternative approach.
The objectives of treatment in COPD include reducing the symptoms, improving the HRQoL, and diminishing the risk of future complications with a lower rate of exacerbations, less disease progression, and greater survival. [1] [2] [3] The concept of control in COPD that we propose combines many of these concepts, and moreover, does so from a dynamic perspective, which can be assessed on each clinical visit and modified with the treatment. In the present study the controlled patients showed a better HRQoL with a CAT notably inferior after 1 year of follow-up to that of noncontrolled patients, and the risk of future complications was also markedly lower. On using the MCC-F the quotient of risk of presenting the first combined event was 2.5-fold greater in noncontrolled patients while the risk of exacerbation and hospitalization doubled in the absence of control.
Limitations
Our study has several limitations. The sample size of severe patients was very small; therefore, the interpretation of results in this particular subgroup should be made with caution. Similarly, most patients were men, and may not be extrapolated to women. We did not find any significant difference in survival between controlled and uncontrolled patients, although the length of follow-up was only 12 months and the number of deaths was too low to establish comparisons. Further studies are clearly needed to externally validate our results, evaluating the impact of treatment, with a longer follow-up and including more severe patients and women. Nonetheless, these initial results open the possibility of considering clinical control as a new evaluative element in the follow-up of disease.
Conclusion
The present study prospectively validates the concept of control in COPD and proposes new control criteria, which Figure S1 Accumulated probability of exacerbation in patients controlled or non controlled according to modified criteria of control adjusted by FEV 1 %. Notes: (A) control was defined by clinical evaluation; (B) control was defined using the CAT scores. 
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